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INTRODUCTION
The fowl tick A.persicus infects poultry and wild birds in Egypt and several countries around the world (Hoogstraal et al., 1975) . This species is of a considerable veterinary importance, acts as an efficient reservoir and a vector of viral, rickettsial and spirochaetal infectious agents to birds (Khalil, 1979) and probably to human (Darwish et al., 1977) .
Studies of changes in the hemolymph (HL) and ovary proteins are essential not only for understanding the different processes associated with reproduction in ticks (Diehl et al., 1982) but also with the ticks interrelationships to pathogens they transmit (Boldbaatar et al., 2008) . Furthermore, proteins in the arthropod vectors of disease may provide specific target molecules toward which new control approaches could be directed (Mayer et al., 1999) .
Changes in HL and ovarian total protein and fractions have been reported during oogenesis and oviposition of female ticks (Tatchell, 1971; Diehl et al., 1982; Shanbaky et al., 1990a, b; Yousry, 2011; Radwan et al., 2015) . In argasid and ixodid ticks, egg yolk proteins (vitellins) were found to be synthesized endogenously inside the ovary (Araman, 1979) or exogenously outside the ovary as vitellogenins with subsequent transfer to oocytes via the HL (Taylor and Chinzei, 2001) . Variations in the concentration of vitellogenins have been suggested as indicators of different stages of oogenesis and may be used in studies involving the regulation of vitellogenesis and reproduction (James and Oliver, 1996) .
The present work is intended to provide some basic knowledge about changes of vitellogenic protein fractions in the HL and ovaries of Argas persicus during the reproductive cycle of the female. Native protein fractions in the HL, ovaries and freshly deposited eggs are electrophoretically separated, compared and vitellogenic protein fractions are identified. Male HL protein fractions are also examined for comparison.
MATERIALS AND METHODS

Ticks:
The fowl tick Argas persicus was collected from domestic chicken houses in Banisweif governorate. Tick colony was maintained in laboratory at 27±1˚C, 75% RH and 16 hr light and ticks were fed on domestic pigeon (Columbia livia) according to Khalil (1979) .
Sample Preparation:
Mated unfed and fed ticks 1 hr and on different days after feeding (0, 1-7 and 20 daf) were used to provide HL, ovaries and freshly deposited eggs. Samples were obtained and prepared as described by Radwan et al. (2015) .
Total protein:
The total protein concentration of the samples was measured photometrically at 595 nm and compared to a standard of bovine gamma globulin according to Lowery et al. (1951) .
Gel Electrophoresis:
Sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis (PAGE) was used to separate HL, ovaries and egg protein fractions (Smith, 1976) . Before electrophoresis, the total protein of each sample was adjusted to 1mg protein/ml. Molecular weight (Mwt) standards of 10-120kD were prepared in the solubilization buffer to assist in the Mwt determination of the sample protein fractions. Electrophoresis in SDS was done using 1 mm-thick slab gel that consisted of 5 % polyacrylamide stacking gel followed by 10 % gel. Bromophenol blue was used as tracking dye. Twenty µl of each sample were added to each well of the gel. Two wells in each slab were used for the Mwt standards and the blank. Electrophoresis was done at 27±1˚ C using 20 mA/plate for approximately 5 hr. The gels were stained with Coomassie blue for proteins. The gels were photographed and scanned using a DCD-16 Gelman densitometer to determine the relative concentration (% amount) of the resolved protein bands. Vitellogenic protein fractions with similar electrophoretic mobilities to egg protein bands (Mwt in egg ± 1kD) were identified in the HL of mated female (and male) ticks and in the ovaries of the different physiological states examined (unfed and fed on 0-7 & 20 daf).
RESULTS AND DISCUSSION
I-Native Protein Fractions: I.1. Hemolymph (HL) Protein Fractions In Female And Male A.Persicus:
The HL protein of mated female A.persicus unfed and fed 0-3 daf were electrophoretically separated into 27 protein fractions banding patterns (rows) with molecular weight of 10.85-125.98kD and a number of protein fractions (or bands) of 23-24 fractions in the different physiological states (lanes) with a total of 116 fractions during this period ( Fig.1a ). On 4-7 and 20 daf, the banding patterns slightly decreased to 25 banding patterns with Mwt of 12.19-110.98kD and a number of 24 protein fractions in each of the physiological states examined, with a total of 120 fractions during this period (Fig.1b ). The slight increase in the total number of protein bands in the latter period may point to a slight increase of protein synthesis and/or release in the HL which exceeded utilization (Engelmann, 1979) . The HL proteins of mated male A.persicus unfed and fed 0-7 and 20 daf were electrophoretically separated into 14 protein fractions banding patterns with Mwt of 22.72-166.65kD and a number of protein fractions of 11-12 fractions in the different physiological states studied with a total of 116 fractions ( Fig.2a,b ). Fifty eight protein fractions were electrophoretically separated in each of the early (unfed & 0-3 daf) and late (4-7 & 20 daf) period of the reproductive cycle as represented by the physiological states studied. Almost all protein fractions in the male HL had more or less corresponding bands in the female HL except eight fractions with high Mwt of 129.10-166.61kD appeared on 4-7 and 20 daf in male HL and were not represented in the female. These male specific HL proteins might be related to needs of the male accessory glands for production of proteinaceous components and substances in the spermatophore (Oliver, 1982) . However, the number of protein fractions in the female HL of the different physiological states examined and their total sum were nearly two times higher in the female (23-24 and 236 fractions) than in male HL (11-12 and 116 fractions) during the whole period of study (unfed, 0-7 and 20 daf). The present results and the higher concentrations of the total protein in the HL of the female A.persicus than in male on 3-7 daf (Radwan et al.,2015) are in agreement with findings in previously studied argasids such as A.hermanni (Shanbaky et al.,1990 a) and Ornithodoros erraticus (Yousery,2011) and reflect the increasing demands of female argasids for proteins during vitellogenesis. 
I.2. Ovary Protein Fractions in Female A.persicus:
The ovary proteins of mated female A.persicus unfed and fed 0-3 daf were electrophoretically separated into 22 banding patterns (rows) with Mwt of 10.98-122.79kD and a number of protein fractions of 17-20 fractions in the different physiological states with a total of 91 fractions during this period ( Fig.3a) . On 4-7 and 20 daf, the banding patterns increased to 27 patterns with Mwt of 9.51-140.76kD and a number of protein fractions of 20-23 fractions in the different physiological states with a total of 107 fractions during this period (Fig.3b ). The evident increase in the numbers of ovary protein fractions on 4-7 and 20 daf conforms to results of the total proteins in A.persicus (Radwan et al., 2015) where their concentration in the ovaries was noticeably increased on the 4 th daf to reach maximal levels on 5-7 daf which followed the maximal levels of the total proteins in the female HL on 4-7 daf. This suggested an uptake and/or increased synthesis of proteins in the ovaries of A.persicus on 4-7 and 20 daf. In the present work, it was found that the increase in number of the ovary native protein fractions in A.persicus was associated with an increase in number (5-8 fractions) and percent amount (23-38.83 %) of the ovary vitellins (Vts). Also, there was 2.9 fold increase in number of small native protein fractions with low Mwt of less than 30kD on 4-7 and 20 daf (49 fractions) more than in the unfed and fed 0-3 daf (17 fractions). This might be attributed to a breakdown of larger protein probably to be incorporated into other vitellogenic and non vitellogenic proteins. In the present work, five native protein fractions with high Mwt disappeared from the ovaries (122.79 and 108.93-109.87kD) on 4-7 and 20 daf. Chinzei (1986) reported that during the uptake of vitellogenins (Vgs) into the ovary, they are processed to Vts by proteolysis and then incorporated into the oocytes. In comparison with female HL, the total number of protein fractions in the HL of female A.persicus was much greater than in the ovaries throughout the whole period of study (236 in HL:198 in Ov.) , in the unfed and 0-3 daf (116 in HL:91 in Ov.) and on 4-7 and 20 daf (120 in HL:107 in Ov.). This is attributed to the fact that protein fractions in the HL represent the outcome of biosynthesis, release, uptake and utilization of protein of the different physiological processes and activities in the whole body of the tick, while protein fractions in the ovaries represent an outcome of protein synthesis, uptake and utilization in the ovaries during egg development and oviposition.
II Egg And Vitellogenic Protein Fractions of Adult A.persicus: II.1. Egg Protein Fractions (Vitellins):
Proteins of the freshly deposited egg of mated fed female A.persicus were electrophoretically separated into twelve protein fractions or egg vitellins (EVts) with Mwt of 24.72-131.45kD (Table 1 ) and percent relative amounts of 2.61-13.57 % where band of 24.72kD had the highest percent amount of the egg proteins. One fraction with the highest Mwt (131.45kD) was detected only in the deposited eggs and eleven EVts had corresponding protein bands with similar electrophoretic mobilities in the HL or HL and ovaries and were considered as exogenous EVts with Mwt of 24.72-112.92kD. These were presumed to originate outside the ovaries as vitellogenins (Vgs) with subsequent transfer to the ovaries via the HL (Taylor and Chinzei,2001) to be selectively taken up through receptor mediated endocytosis or binding protein in the ovaries Kaufman,2002 & 2004; Boldbaatar et al.,2008) . In A.persicus, five female specific EVts (78.65-112.92 and 48.67kD) had corresponding Vgs in the HL of the female but not in the male and six were common EVts (24.72-65.53kD) with similar counterparts (Vgs) in the HL of both male and female ticks.
Generally, EVts constitute the major proteins (about 90-95% of all proteins) in the egg yolk (Diehl, 1970) and serve as main nutrients for developing embryo. (Kamel et al.1982) . Several authors studied yolk protein in egg extracts and separated protein fractions by electrophoretical and immunological techniques (Diehl, 1970; Araman, 1979) . Using SDS-PAGE, tick EVts have been resolved into a b c d e f 6-9 polypeptides in Dermacentor andersoni (Boctor and kamel, 1976) , Ornithodoras moubata , D.variabilis (Rosell and Coons, 1991) and Ixodes scapularis (James and Oliver, 1996) . Tatchell (1971) identified two hemoglycoproteins in the HL and egg of female Boophilus microplus but was unable to demonstrate their immunological identity despite their similar electrophoretic mobility. Shanbaky et al. (1990 b) used 22 EVts of Argas hermanni to make antisera for immunoelectrophoretic analysis of Vgs and Vts in the HL and ovaries, respectively. They found that almost all exogenous Vts and their corresponding Vgs were hemoglycolipoproteins with a relatively low molecular mobilities of 66.2 to > 200kD. In female argasid and ixodid ticks, EVts were found to be synthesized endogenously inside the oocytes as Vts (Araman, 1979) or exogenously mainly in the fat body as Vgs (Chinzei and Yano, 1985) , released into the HL to be transported and selectively incorporated into oocytes as Vts (Araman, 1979; Taylor and Chinzei,2001 ). In the present study, no endogenous Vts were identified in the freshly deposited eggs of female A.persicus as in the case of A.hermanni where 7 endogenous EVts were restricted to the ovaries and the deposited egg without corresponding fractions in the HL (Shanbaky et al., 1990 b) . 
II.2.Vitellogenic Protein Fractions in The Hemolymph and Ovaries of A.persicus:
Vitellogenic protein fractions with similar electrophoretic mobilities to EVts were identified in the HL or HL and ovaries of mated female A.persicus. Male HL proteins were also examined for comparison (Table1). Eleven vitellogenins (Vgs) were identified (24.72-112.92kD ) in the HL of female, six of them were common Vgs which were identified in the HL of both male and female and five were female-specific Vgs identified in the HL of only female. Also, ten exogenous vitellins (24.72-100kD) were identified in the ovaries of females in the different physiological states examined.
Vitellogenins in the HL of mated female A.persicus (Table 2 and 3) were detected in the unfed female (5 fractions and 18.28% amount) and increased in number (8 fractions) and percent amount (28.48%) as early as 1 hr after feeding (0 daf) and up to the 2 nd daf (6-7 fractions and 21.89-29.50% amount) with appearance of 7 new Vgs (112.92, 101.22, 88.85, 64.36, 58.8, 47.73 and 38.73kD) in the HL during this period (Table 3) . On the 3 rd and next days after feeding, the number and percent amount of Vg fractions relatively decreased (5-6 fractions and 15.79-19.89% amount) to reach minimal levels (3 fractions and 10.50% amount) on 20 daf (at the end of oviposition). Similarly, vitellins (Vts) in the ovaries of mated female A.persicus (Table 2 and 3) were detected in the unfed mated female (4 fractions and 19.10% amount) but their number and percent amount remained more or less constant after feeding (4 fractions and 16.81-19.16% amount) almost in all early physiological states (Table 2) with appearance (Table 3 ) of three new Vts (60.85, 38.12 and 25.59kD ). However, the number and percent amount of Vt fractions in the ovaries noticeably increased (5-8 fractions and 23-38.83% amount) on 4-7 and 20 daf with the highest levels and appearance of two new exogenous Vt fractions (78.33 and 28.81kD) on the 4 th daf in addition to a third new Vt (89.73kD) which appeared in the ovaries on 6, 7 and 20 daf (Table 3 ). Appearance and disappearance of the vitellogenic protein fractions occurred in the different physiological states examined in the present study. Generally, appearance of protein fractions might be attributed to their production at higher rates than their utilization while disappearance might be due to their consumption, breakdown or incorporation in other vitellogenic or nonvitellogenic proteins (Engelmann, 1979) . In the present work, the total number of Vg & Vt fractions detected in the HL and ovaries were 31 & 22 and 25 & 33 fractions during the early (unfed, 0-3 daf) and late (4-7 and 20 daf) period, respectively, of the reproductive cycle of the female A.persicus. The increase in number and percent amount of Vt fractions in the ovaries in the different physiological states examined (Table 2) during the latter period in comparison with the lower levels and relative stability of the two parameters during the early period suggested an increase of yolk deposition in the ovaries and that vitellogenesis occurred on 4-7 and 20 daf. Furthermore, the aforementioned results support the concept of the uptake of Vgs by ovaries during vitellogenesis (Taylor and Chinzei,2001; Friesen and Kaufman, 2004) which may extend during the oviposition period of ticks where ovaries contain oocytes in different stages of development and maturity (Balashov, 1972) . This leads to more consumption of Vgs and has been manifested as a decrease in the number (3 fractions) and percent amount (10.5% amount) of Vg fractions at the end of oviposition (20 daf) in A.persicus (Table 2) . Also, all ovary Vts of this tick species (10 Vts) have been identified as being exogenous with Vg counterparts in the HL (Table 1 and 3) . The decrease in number and percent amount of Vg fractions in the different physiological states and their total number during vitellogenesis and at the end of oviposition (4-7 and 20 daf) than during previtellogenesis (unfed and 0-3 daf) suggested Vgs uptake during vitellogenesis and oviposition. In addition, appearance of most Vt fractions in the ovaries of female A.persicus, followed or accompanied the detection of their Vg counterparts in the HL (Table 3) . Three exogenous ovary Vts (89.73, 78.33 and 28.81kD) detected on one or more day(s) during 4-7 and 20 daf were perceeded by the early appearance of their corresponding Vg counterparts in the HL of the unfed (79.67 and 30.70kD) and fed female immediately (0 daf) after feeding (88.85kD). These three Vgs remained in the HL solely during the previtellogenesis prior the detection of their corresponding Vts in the ovaries during vitellogenesis. The early appearance of new Vgs in the HL of female A.persicus after feeding and the relative increase in number and percent amount of Vg fractions during previtellogenesis conform to findings in previous studies on ticks where early appearance and increase in number or concentration of Vgs occurred during oogenesis (Diehl, 1970; Chinzei, 1983; Shanbaky et al., 1990 b; Schriefer, 1991; Rosell and Coons, 1991; James and Oliver, 1996; Friesen and kaufman, 2002) . In agreement with the present results Schriefer (1991) found that the increase in Vg level in Hyalomma dromedarii during oogenesis was followed by a decrease after oviposition. In A.persicus, five Vgs were identified in the HL of the female but not in male HL and were considered as female-specific Vgs ( Table 1) . Four of these Vgs had a relatively high Mwt of 79.67, 88.85, 101.22 and 112.92kD and one Vg fraction with Mwt of 47.73kD. Most of these female-specific Vgs appeared after feeding in the HL (Table 3 ) during previtellogenesis but their Vt counterparts appeared in the ovaries during vitellogenesis (fractions of 78.33 and 89.73kD) or in the freshly deposited egg (fraction of 112.92kD) which suggested an uptake by the ovaries. In A.hermanni, eight hemoglycolipoproteins were restricted to the HL of mated female but not detected in male HL and were considered as female-specific Vgs (Shanbaky et al., 1990 b) . In Amblyomma hebraeum, Friesen and Kaufman (2002) identified two polypeptides (Vg 211 and 148kD) in HL from vitellogenic female but not in HL of male and nonvitellogenic females. The two Vgs immunologically corresponded to minor polypeptides (6) of similar Mwts in the ovary.
As was mentioned before, six Vgs with similar electrophoretic molecular mobilities to EVts (24.72-65.53kD) appeared in the HL of both male and female A.persicus and were considered as common Vgs (Table1). The occurrence of Vgs common to both sexes has been shown immunologically in the argasid ticks Ornithodoros moubata (Diehl, 1970; Chinzei et al., 1983) and A.hermanni (Shanbaky et al., 1990 b) . The electrophoretic patterns of the HL proteins of Hyalomma and Argas sp. (Dolp and Hamdy, 1971) and the extracts of the ixodid Amblyomma maculatus (McGowan et al., 1982) were similar but not identical in males and females of each species. In A.persicus, 6 Vgs were identified and 0-3 Vg fraction (s) were detected in the HL of the different physiological states examined in male with total number (sum) of 13 Vg fractions and Mwt of 25.27-65.44kD . These numbers were much less than in the female HL (Tables 1 & 2) which indicates the increased needs of the female for vitellogenins. 
